This case report is about reversible cardiomyopathy associated with intrathecal baclofen withdrawal. Previous literature has reported that enteral baclofen does not adequately control intrathecal baclofen withdrawal. In our case, coronary atherosclerosis did not play a role in the development of the cardiomyopathy. However, reinstitution of intrathecal baclofen promptly resulted in improvement. One could hypothesize that myocardial stunning from sympathetic hyperactivity led to a similar cardiomyopathy reported with catecholamine excess or acute sympathomimetic poisoning.
INTRODUCTION
Baclofen is a gamma-aminobutyric acid (GABA) agonist frequently used as an intrathecal infusion to treat muscle spasticity. Baclofen withdrawal is life-threatening and can include seizures, autonomic instability, hyperthermia, rigidity, encephalopathy, and multi-system organ failure. Acute cardiomyopathy from baclofen withdrawal has not been adequately described in the literature [1] . We are presenting a case of intrathecal baclofen withdrawal complicated by myocardial stunning and requiring intra-aortic balloon pump therapy. The case resulted in complete recovery.
CASE REPORT
A 45-year-old C6 quadriplegic man had received intrathecal baclofen for several years and developed a perceived side-effect, and he was slowly weaned from the intrathecal baclofen over four months. The patient had a history of chronic back pain and secretion of inappropriate antidiuretic hormone (SIADH). In addition to the intrathecal baclofen, he was prescribed zonisamide, gabapentin, olanzapine, and tegaserod. The patient had been chronically taking these medications without dose adjustment during the baclofen wean. The family was unaware of any history of illicit drug or ethanol abuse.
Within 12 hours of complete cessation of the intrathecal baclofen, he suffered pruritis, spasticity, fever, and fatigue. Family found him in his apartment, and he was presented 40 hours after baclofen discontinuation in a coma and respiratory failure. Presenting vital signs included tachycardia (160 beats per min), hyperpyrexia (106.4°F), and labile blood pressure (ranging from 130/50 to 88/36 mmHg). He also had diaphoresis, mottled skin, and diffuse muscle rigidity. He was intubated for airway protection and a post-intubation chest x-ray demonstrated a right lower lobe infiltrate in which gatifloxicin was initiated. Remaining laboratory studies were unrevealing: electrolytes, BUN, creatinine, complete blood count, prothrombin time, liver function tests and thyroid function tests. Only benzodiazepines were identified in a urine drug screen which was suspected to be the result of iatrogenic administration during oral intubation.
Over the next 20 hours, intravenous lorazepam (38 mg total dose), nasogastric baclofen (120 mg total dose), and a continuous infusion of propofol (as high as 55 mcg/kg/min) were given to control signs while arrangements were made to reinstitute intrathecal baclofen. Due to a prolonged interhospital transport time, intrathecal baclofen re-instatement was greatly delayed. Approximately 60 hours after stopping the intrathecal administration, but before the baclofen pump was reinstituted, he became consistently hypotensive (82/30 mmHg); an ECG showed ST segment elevations in the anterior-lateral leads, and a troponin-I was elevated at 20.3 ng/ml. An emergency cardiac angiogram showed normal coronary arteries and global hypokinesis with an ejection fraction of 10% and a cardiac index of 1.6 L/min/M 2 . In addition to intravenous norepinephrine and dopamine, an intra-aortic balloon pump was initiated. Seventy-two hours after his baclofen pump was discontinued, 25 mcg of intrathecal baclofen was administered over four hours and an infusion of 22 mcg/24 hours was continued. Over several days his rigidity and hyperthermia resolved, and his mental status normalized. We discontinued the intra-aortic balloon pump on hospital day 3 and vasopressors were stopped on hospital day 5. After 11 days of reinstituting intrathecal baclofen, an echocardiogram demonstrated an ejection fraction of 50-55% and was without valve dysfunction.
Though he was maintained on antibiotics at different times during his hospital stay, there was no growth in initial cultures taken from his sputum, blood, and urine.
DISCUSSION
The temporal relationship with intrathecal baclofen discontinuation and the onset of the patient's symptoms makes baclofen withdrawal the most likely cause of his syndrome. Additionally, collaborating laboratory findings makes other diagnoses, such as sepsis, thyrotoxicosis, and sympathomimetic abuse, less likely. We excluded other diagnosis such as neuroleptic malignant and serotonin syndromes, on the basis of another more likely etiology-baclofen withdrawal. The focal pulmonary infiltrate was more likely the result of rather than the cause of the patient's presenting signs. Right lower lobe infiltrates are often the result of aspiration pneumonitis in unconscious patients or, less likely, the result of local pulmonary edema from poor cardiac function.
Reversible myocardial stunning from sympathetic hyperactivity has been well-described from sudden emotional stress, acute sympathomimetic poisoning, pheochromocytoma, high-dose epinephrine, and others [2] [3] [4] [5] [6] [7] . Moreover, hyperadrenergic states with elevated plasma catecholamine levels after withdrawal from the GABA-agonist, ethanol, have been described as well [8] . Institution of benzodiazepines during the withdrawal syndrome subsequently revealed decreased plasma catecholamine levels and a resolution of symptoms. Baclofen would conceivably cause a similar rise in catecholamines during withdrawal due to a similar mechanism found in ethanol. The main difference between ethanol and baclofen, however, is baclofen primarily effects GABA-B receptors while ethanol affects GABA-A. Clinically, the baclofen withdrawal syndrome is consistent with a hyperadrenergic state like ethanol withdrawal.
In our case, coronary atherosclerosis did not play a role in the development of the cardiomyopathy. However, reinstitution of intrathecal baclofen promptly resulted in improvement. The administration of oral baclofen replacement and intravenous benzodiazepines may be inadequate treatment due to the much lowered intrathecal levels obtained [9] . Supportive care allowed for a reasonable time of recovery, and treatment of the withdrawal symptoms with re-initiation of intrathecal baclofen could theoretically ameliorate the effects of the hyperadrenergic state centrally.
The pathophysiology for this excess catecholamine-induced cardiomyopathy is still unclear [2, 8] . The cardiotoxicity is suspected from a possible combination of cellular hypoxia, free radial production, and increased intracellular calcium. The cellular hypoxia may result from epicardial coronary artery vasoconstriction, microvascular occlusion, or possibly both [10, 11] . In addition, free radicals formed from monoamine oxidase metabolism of epinephrine have been linked to cardiotoxicity, but follow up studies reported epinephrine levels required to produce significant free radial stress are not physiologic [12, 13] . Lastly, excessive catecholamine stimulation of ␤-receptors leads to intracellular calcium-overload and ATP depletion from calciumdependent phosphatases, but it is unclear if the increased calcium is a result or cause of lost myocyte viability [14] . Several other theories have been proposed, but they are not supported in the literature.
One could hypothesize that myocardial stunning from sympathetic hyperactivity led to the reversible cardiomyopathy seen in this case. Further research is required to clearly work-out the pathophysiology of baclofen withdrawal and catecholamineinduced cardiomyopathy.
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